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Polysaccharides prepared from marine algae sometimes contain contaminants such as polyphenols and endotoxins 
that may mislead their bona fide biological activities. In this study, we examined bioactive contaminants in commercially 
available fucoindan from Fucus vesiculosus, along with ascophyllan and fucoidan from Ascophyllum nodosum. F. vesicu-
losus fucoidan inhibited the growth of Vibrio alginolyticus in a concentration-dependent manner (0-1,000 μg mL-1). How-
ever, the antibacterial activity of the fucoidan significantly reduced after methanol-extraction, and the methanol-extract 
showed a potent antibacterial activity. The extract also showed cytotoxicity to RAW264.7 and U937 cells, and induced 
apoptotic nuclear morphological changes in U937 cells. These results suggest that the antibacterial activity of the fu-
coidan is partly due to the methanol-extractable contaminants that can also contribute to the cytotoxicity on RAW264.7 
and U937 cells. On the other hand, the activities to induce secretion of nitric oxide and tumor necrosis factor-α from 
RAW264.7 cells were observed in the fucoidan even after methanol extraction, and the extract had no such activities. Our 
observations suggest that commercially available fucoidan should be purified prior to biochemical use.
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INTRODUCTION
 
Algal polysaccharides such as alginate, fucoidan, car-
rageenan, laminaran, and agar have recently been draw-
ing a great attention from diverse research fields to de-
velop as new biomaterials, health foods, or supplements. 
Some of these polysaccharides show antitumor (Noda 
et al. 1990, Lins et al. 2009, Wang et al. 2010), antiviral 
(Witvrouw and De Clercq 1997, Damonte et al. 2004), 
anticomplementary (Tissot and Daniel 2003, Clément et 
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tracted from Sargassum polycystum inhibited the growth 
of Vibrio harveyi, Staphylococcus aureus, and Escherichia 
coli at minimal inhibition concentrations (MIC) of 12.0, 
12.0, and 6.0 mg mL-1, respectively (Chotigeat et al. 2004). 
Sulfated galactan with a molecular weight of 1,160 kDa ex-
tracted from marine alga Chaetomorpha aerea exhibited 
selective antibacterial activities against Bacillus subtilis, 
Micrococcus luteus, and S. aureus (Pierre et al. 2011). Poly-
saccharides prepared from Laminaria japonica showed 
antibacterial activities against E. coli and S. aureus (Li et 
al. 2010). These findings suggest that some sulfated poly-
saccharides including fucoidan have antibacterial activ-
ity, although the purity and the exact action mechanism 
remain to be clarified. To address how the algal source of 
fucoidan could associate with antibacterial activity, we 
first investigated antibacterial activities of commercially 
available F. vesiculosus fucoidan, along with ascophyllan 
and fucoidan isolated from A. nodosum.
Since only the F. vesiculosus fucoidan among these 
polysaccharides showed antibacterial activity, we then 
examined the antibacterial and cytotoxic activities after 
fractionation of the fucoidan with methanol-extraction, 
confirming such activities have derived from methanol-
extractable impurities. In agreement with previous re-
ports, methanol insoluble fraction containing fucoidan 
stimulated RAW264.7 cells inducing nitric oxide (NO) and 
tumor necrosis factor-α (TNF-α), whereas methanol ex-
tractable fraction showed no such activities. Accordingly, 
we recommend commercially available fucoidan should 
be more purified before biochemical use to avoid mis-
leading of its biological activities.
MATERIALS AND METHODS
Fucoidan isolated from F. vesiculosus was purchased 
from Sigma-Aldrich, Co. (St. Louis, MO, USA), and used 
without further purification. In this study, we mainly used 
fucoidan with Lot No. 066K3786 and basically the same 
results were obtained with fucoidan with different Lot 
No. 081M7672. Ascophyllan and fucoidan were prepared 
from powdered A. nodosum as described previously (Na-
kayasu et al. 2009). To distinguish two fucoidans with 
different origins, fucoidans from F. vesiculosus and A. no-
dosum were abbreviated as F-fucoidan and A-fucoidan, 
respectively. Polysaccharide sample solutions in phos-
phate buffered saline (PBS) were passed through cellu-
lose acetate filter with pore size of 0.20 μm (ADVANTEC, 
Tokyo, Japan) for sterilization before use. 3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) 
al. 2010), anticoagulant (Pereira et al. 1999, Kusaykin et 
al. 2008), antioxidant (De Souza et al. 2007, Costa et al. 
2010), anti-inflammatory (Kang et al. 2011), and immu-
no-modulatory (Leiro et al. 2007) activities. Brown algae 
such as Fucus vesiculosus, Ascophyllum nodosum, and 
Laminaria angustata are often used as raw materials for 
the preparation of alginate, laminaran, and fucoidan. Fu-
coidan is basically a sulfated fucan containing sulfated 
fucose as a main component and sometimes containing 
uronic acids, galactose, and xylose as minor composi-
tions depending on algae species (Medcalf and Larsen 
1977). Structural characterization of sulfated polysac-
charide fractions prepared from F. vesiculosus suggested 
the existence of different types of sulfated polysaccha-
rides distinguished from fucoidans (Nishino et al. 1994). 
Previous study demonstrated that ascophyllan could be 
(xylofucoglycuronan) isolated from the brown alga A. no-
dosum as a separated fraction from fucoidan (Kloareg et 
al. 1986). Besides some structural and bioactive similari-
ties between fucoidan and ascophyllan (Heinzelmann et 
al. 1998, Nakayasu et al. 2009), our previous study dem-
onstrated that ascophyllan showed a growth-promoting 
activity on MDCK cells, while fucoidan was rather toxic to 
this cell line (Jiang et al. 2010). During the course of our 
comparative studies on the cellular level biological activi-
ties of sulfated polysaccharides from different seaweed 
species, we found that F. vesiculosus fucoidan, which is 
the only commercially available one, was highly cytotoxic 
to RAW264.7 cells, whereas ascophyllan and fucoidan iso-
lated from A. nodosum showed no significant cytotoxicity 
on RAW264.7 cells up to 1,000 μg mL-1 (Jiang et al. 2011). 
Fucoidans isolated from several algal species including 
commercially available fucoidan have been reported to 
possess numerous biological activities such as anticoag-
ulant (Pereira et al. 1999), antithrombotic activities (Ku-
saykin et al. 2008), antiviral (Karmakar et al. 2010, Sinha 
et al. 2010), antitumor, anti-inflammatory (Cumashi et al. 
2007, Croci et al. 2011), immuno-modulatory (Raghaven-
dran et al. 2011), and apoptosis-inducing activities (Jin et 
al. 2010, Kim et al. 2010). In addition to these biological 
activities in mammalian systems, fucoidan was found to 
be capable of affecting certain bacterial species. It has 
been reported that fucoidan extracted from Cladosiphon 
okamuranus inhibited the adhesion of Helicobacter pylo-
ri to human gastric cells through coating the H. pylori cell 
surface (Shibata et al. 1999). Similar activity was also ob-
served in commercially available fucoidan from F. vesicu-
losus (Shibata et al. 1999). Several other studies reported 
that seaweed-derived polysaccharides showed direct 
antibacterial activities. For instance, crude fucoidan ex-
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ducted. In the assay, aliquot of 10 μL from each reaction 
mixture was withdrawn and inoculated into marine agar- 
or nutrient agar-medium after appropriate dilution with 
PBS, and cultured at 26 or 37°C for 24 h for colony forma-
tion.
Cell culture
RAW264.7 (mouse macrophage) cells obtained from 
the American Type Culture Collection (Rockville, MD, 
USA) were cultured at 37°C in Dulbecco’s modified Eagle’s 
minimum essential medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS), penicillin (100 IU 
mL-1), and streptomycin (100 μg mL-1) in a humidified at-
mosphere with 5% CO2 and 95% air. Human myeloid leu-
kemia U937 cells obtained from RIKEN Cell Bank (Tsu-
kuba, Japan) were cultured at 37°C in RPMI1640 medium 
(Gibco, Gaithersburg, MD, USA) supplemented with 10% 
FBS in a humidified atmosphere of 5% CO2 and 95% air.
Cytotoxicity
Cytotoxicity of test samples on RAW264.7 cells was 
measured by MTT tetrazolium cytotoxicity assay. In brief, 
adherent cells (3 × 104 cells well-1) in a 96-well plate were 
cultured with varying concentrations of each sample in 
DMEM for 24 h, and then incubated with MTT (final 10%) 
for 20 min. After aspiration of the medium, dimethylsulf-
oxide was added to dissolve the MTT formazan reaction 
product and the optical density was measured at 535 nm 
using a multiwell scanning spectrophotometer. Cytotox-
icity of test samples on U937 cells was measured by AB as-
say as described previously (Koyanagi et al. 2003). In brief, 
2 × 104 cells per well in a 96-well plate were cultured with 
varying concentrations of samples in the growth medium 
for 24 h, and then AB reagent (final 10%) was added to 
each well. After 2 h incubation at 37°C, the optical density 
of each well at 570-600 nm was measured with a multiwell 
scanning spectrophotometer. 
Nuclear staining
Nuclear morphological changes in U937 cells treated 
with test samples were examined by staining with DNA-
binding fluorochrome bisbenzimide (Hoechst 33342; 
Dojindo Laboratories, Kumamoto, Japan) as described 
previously (Nakayasu et al. 2009). In brief, cells in 96-well 
plates (2 × 105 cells well-1) were incubated with indicated 
concentrations of each sample in the growth medium 
at 37°C, and then Hoechst 33342 (final 10 μg mL-1) was 
was purchased from Sigma-Aldrich, Co. Alamar blue (AB) 
reagent was obtained from Life Technologies, Co. (Carls-
bad, CA, USA). Other chemicals were of the highest grade 
commercially available. 
Preparation of methanol-extract and methanol-
insoluble fraction of F-fucoidan
Ten mg of F-fucoidan was suspended in 1 mL of meth-
anol, and the mixture was stirred for 24 h at room tem-
perature. Methanol-insoluble fraction and supernatant 
were separated by centrifugation (2,000 ×g, 5 min). The 
supernatant (methanol-extract) and the methanol-insol-
uble fraction were dried up with centrifugal vacuum con-
centrator (SPD131DDA; Thermo Electron Co., Milford, 
MA, USA). About 0.68 mg of the methanol extract as dried 
powder was obtained from 10 mg of F-fucoidan.
Antibacterial activity 
V. alginolyticus (NBRC15630) from NITE Biological Re-
source Center (Chiba, Japan) and E. coli (JCM5491) and S. 
aureus (JCM2413) from RIKEN Biological Resource Cen-
ter (Tsukuba, Japan) were used as test microorganisms. 
V. alginolyticus was cultured in marine agar or marine 
broth at 26°C, and E. coli and S. aureus were cultured in 
nutrient agar or nutrient broth at 37°C. Antibacterial ac-
tivities of test samples on V. alginolyticus were evaluated 
by AB assay (Ahmed et al. 1994). AB reagent is a metabolic 
indicator, and as consequence of bacterial growth, the 
color of the AB reagent is changed from blue to pink. It 
has been confirmed that the classical colony formation 
assay and AB assay are comparable to evaluate bacterial 
viability (Collins and Franzblau 1997). The bacteria were 
precultured in marine broth at 26°C overnight, and har-
vested by centrifugation (1,500 ×g). The cells were washed 
twice with PBS by centrifugation (1,500 ×g) and the cell 
pellets were resuspended in PBS (final cell density of 107 
CFU mL-1), and incubated with varying concentrations 
of each sample at 26°C for 24 h in a 96-well flat-bottom-
polystyrene microplate (100 μL well-1) with shaking. PBS 
alone was used as the sample blank. After the addition of 
10 μL of AB reagent to each well, the plate was incubated 
at 26°C for further 4 h, and then the optical density of the 
well at 570-600 nm was immediately recorded with a mul-
tiwell scanning spectrophotometer (Multiskan Spectrum; 
Thermo Electron Co., Vantaa, Finland). The blank value 
was subtracted from all the values as a background. For 
the measurement of viable bacterial cell numbers in the 
reaction mixture, colony formation assay was also con-
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mL of each sample solution or distilled water as a solvent, 
0.2 mL of Folin and Ciocalteu’s phenol reagent, and 0.4 
mL of saturated sodium carbonate solution were mixed. 
The absorbance was read at 760 nm after 30 min incuba-
tion at room temperature.
Statistical analysis
All the experiments were repeated at least three times. 
Data were expressed as means ± standard deviation (SD). 
Tested groups were compared with appropriate controls 
using the Student’s t-test. Differences were considered 
significant at p < 0.01.
added to the treated cells. After 5 min incubation at 37°C, 
the cells were observed by fluorescence microscope (Ax-
iovert 200; Carl Zeiss, Inc., Jena, Germany). Cells with 
apoptotic nuclei, i.e., condensed or fragmented, emitting 
a higher intensity of fluorescence compared with normal 
cells, were considered as apoptotic cells. At least 100 cells 
at different areas were observed for each treated group to 
estimate % of apoptotic cell population.
 
Nitrite assay for the estimation of nitric oxide (NO)
To estimate NO level in RAW264.7 cells, nitrite, a sta-
ble reaction product of NO with molecular oxygen, was 
measured by Griess assay as described previously (Jiang 
et al. 2011). In brief, adherent RAW264.7 cells in 96-well 
plates (3 × 104 cells well-l) were incubated with varying 
concentrations of test samples for 24 h in the growth 
medium at 37°C, and then the nitrite levels in the culture 
medium were measured. 
Enzyme-linked immunosorbent assay (ELISA)
Adherent RAW264.7 cells in 96-well plates (3 × 104 
cells well-1) were treated with varying concentrations of 
test samples in the growth medium at 37°C. After 24 h 
incubation, the levels of TNF-α in the culture superna-
tants of treated cells were measured by sandwich ELISA 
with two antibodies to two different epitopes on TNF-α 
molecule as described previously (Jiang et al. 2011). The 
TNF-α concentrations were estimated from a reference to 
a standard curve for serial three-fold dilution of murine 
recombinant TNF-α.
Element analysis 
For the analysis of carbon, hydrogen, nitrogen, sulfur 
and oxygen content in the methanol-extract, we used 
PerkinElmer 2400 Series II CHNS/O elemental analyzer 
(PerkinElmer, Waltham, MA, USA) according to the man-
ufacture’s instruction. Energy-dispersive X-ray detector 
(EDS) equipped in scanning electron microscope (JEOL 
JSM-7500F; JEOL Ltd., Tokyo, Japan) was used for further 
elemental composition investigation of the methanol-
extract. 
 
Assay for phenolic compounds
The detection of phenolic compounds in the metha-
nol-extract was carried out by the Folin-Denis method 
(Niwano et al. 2007). In brief, 3.2 mL of distilled water, 0.2 
Fig. 1.  Effects of polysaccharides on Vibrio alginolyticus. (A) 
Effects of F-fucoidan (○), A-fucoidan (△), and ascophyllan (□) on 
V. alginolyticus as measured by Alamar blue assay. (B) Effects of 
methanol-extraction on the antibacterial activity of F-fucoidan 
(○), the methanol-extract (△), and the methanol-insoluble residual 
fraction (▲) toward V. alginolyticus by Alamar blue assay. Data 
represent the average of triplicate measurements and bars indicate 
the standard deviation. Asterisks indicate significant differences 
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man and Brown 1991), we prepared methanol extract 
from F-fucoidan, and examined its antibacterial activities 
together with the methanol-insoluble residual fraction 
and original F-fucoidan toward V. alginolyticus. As shown 
in Fig. 1B, the extract exhibited a potent antibacterial ac-
tivity that was even greater than original F-fucoidan. The 
methanol-insoluble fraction showed only a trace level 
antibacterial activity even at 1,000 μg mL-1. These results 
suggest that methanol-extractable contaminants in F-fu-
coidan are mainly responsible for the antibacterial activ-
ity of F-fucoidan.
Species-specificity of the antibacterial activities 
of F-fucoidan, the methanol-extract, and the 
methanol-insoluble residual fraction prepared 
from F-fucoidan
To characterize the antibacterial activities of F-fucoi-
dan, the effects of F-fucoidan on E. coli and S. aureus in 
addition to V. alginolyticus were examined by colony for-
mation assay. As shown in Table 1, antibacterial activity of 
F-fucoidan was species-specific, and the susceptibility of 
V. alginolyticus to F-fucoidan was the highest. E. coli and 
S. aureus showed nearly similar sensitivity to F-fucoidan. 
Extremely greater antibacterial activities of the methanol-
extract than F-fucoidan on these bacteria were observed, 
whereas the activity of the methanol-insoluble residual 
fraction was very low. 
Partial characterization of the antibacterial ac-
tivity of F-fucoidan
After dialysis of F-fucoidan with molecular porous 
membrane tube (MWCO; 6,000-8,000) against distilled 
water for 3 days, the contents inside the tube were lyophi-
lized. As shown in Fig. 2, this simple dialysis of F-fucoidan 
could not remove the activity. Hence, the antibacterial 
RESULTS
Antibacterial activities of polysaccharide samples
Antibacterial activities of F-fucoidan, A-fucoidan, and 
ascophyllan were assayed by AB assay using V. alginolyti-
cus as a test bacterium. As shown in Fig. 1A, F-fucoidan 
showed antibacterial activity in a concentration-depen-
dent manner, whereas A-fucoidan and ascophyllan ex-
hibited even growth-promoting effects on V. alginolyticus 
rather than the growth inhibition. Since the antibacte-
rial assays were conducted in PBS, it is considered that 
A-fucoidan and ascophyllan might be assimilated with 
the bacteria as nutrients, and that may lead to the growth 
promotion.
Effects of methanol-extraction on the antibacte-
rial activities of F-fucoidan
Since it has been reported that antibacterial activities 































Fig. 2. Effects of heat-treatment and dialysis on the antibacterial 
activity of F-fucoidan on Vibrio alginolyticus as measured by colony 
formation assay. The data represent the average of triplicate mea-
surements and the bars indicate the standard deviation. Asterisks in-
dicate significant differences between with and without test samples 
(p < 0.01).
Table 1. Antibacterial activities of F-fucoidan, the methanol-insoluble fraction, and the methanol-extract on Vibrio alginolyticus, Escherichia coli, 
and Staphylococcus aureus as measured by colony formation assay
       Unit (×106, CFU mL-1)a
V. alginolyticus E. coli S. aureus
PBS alone 6.2 ± 0.3 8.7 ± 0.5 5.8 ± 0.1
+ F-fucoidan 0.056 ± 0.004 2.5 ± 0.2    1.6 ± 0.09
+ Methanol-insoluble fraction 1.2 ± 0.1 7.8 ± 0.5    2.2 ± 0.03
+ Methanol-extract 0 ± 0 0 ± 0    0.057 ± 0.0001 
aAfter 24 h incubation at 26°C for V. alginolyticus or 37°C for E. coli and S. aureus in phosphate buffered saline (PBS) in the presence of 1,000 μg mL-1 
of each sample, the values of colony forming unit (CFU) of the treated bacteria were measured as described in the text.
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cytotoxic effects of the extract and the residual methanol-
insoluble fraction of F-fucoidan on RAW264.7 and U937 
cells. As shown in Fig. 3A, the methanol-extract showed 
stronger cytotoxicity on RAW264.7 cells than original F-
fucoidan, and the activity of the methanol-insoluble frac-
tion was lower than the original F-fucoidan. The extract 
also showed a potent cytotoxic effect on U937 cells (Fig. 
3B), and nuclear staining revealed that the extract was ca-
pable of inducing typical apoptotic nuclear morphologi-
cal changes in U937 cells in a concentration-dependent 
manner (Fig. 4A-E). Much greater population of U937 
cells treated with the methanol-extract showed such 
apoptotic nuclear changes than the cells treated with 
original F-fucoidan. The activity of the methanol-insol-
uble fraction to induce apoptotic nuclear morphological 
changes was obviously lower than that of original F-fu-
coidan, and only a few apoptotic cells were observed in 
the U937 cells treated with the methanol-insoluble frac-
tion. Time-course analysis of the nuclear morphological 
changes revealed that the extract induced the apoptotic 
agents in F-fucoidan may form relatively tight complex 
with fucoidan molecule through a hydrophobic interac-
tion. After treatment of F-fucoidan at 121°C for 30 min, 
no significant reduction of the antibacterial activity was 
observed (Fig. 2). Furthermore, nearly 99% of antibacte-
rial activity of the methanol-extract passed through the 
filter that can cut molecules with higher than 3,000 kDa 
(data not shown). These results suggest that antibacterial 
agents in F-fucoidan are low molecular weight heat-sta-
ble compounds.
Chemical composition analysis of the methanol-
extract
The results of chemical and element analysis of the 
methanol-extract were summarized in Table 2. Since 
more than 95% of the methanol-extract were occupied 
with Na, Cl, K, and Si, the main ingredients of the meth-
anol-extract are considered to be inorganic compounds 
such as NaCl, and organic compounds were estimated 
to be only about 3% (w/w). Phenolic compounds in the 
methanol-extract were detected by Folin-Denis method, 
and the amount was estimated to be less than 1% of the 
total weight of the extract.
Cytotoxic effects of F-fucoidan, the methanol-
extract, and the methanol-insoluble fraction on 
RAW264.7 cells and U937 cells
We have previously reported that F-fucoidan, but not 
A-fucoidan and ascophyllan, showed cytotoxic effect on 
RAW264.7 cells (Jiang et al. 2011). To investigate the in-
volvement of the methanol-extractable agents of F-fucoi-
dan in the cytotoxicity of F-fucoidan, we examined the 
Table 2. Chemical composition analysis of the methanol-extract of 
F-fucoidan
Element mg g-1 (%)
Cl 605.1 (60.5)a
Na 309.8 (31.0)a
K  27.9 (2.8) a
Si 19.4 (1.9)a
C 30.7 (3.1)b
H    3.7 (0.4)b
N    3.5 (0.4)b
Phenolic compounds               6.8 ± 1.0 (0.7)c
aData were obtained by energy-dispersive X-ray detector analysis. 
bData were obtained with CHNS/O elemental analyzer. 
cThe value was estimated by the Folin-Denis method.
Fig. 3. Cytotoxic effects of F-fucoidan, the methanol-extract, and 
the methanol-insoluble fraction on RAW264.7 and U937 cells. (A) 
MTT assay of varying concentrations of F-fucoidan (○), the methanol-
extract (△), or the methanol-insoluble fraction (▲) on RAW264.7 
cells. (B) Alamar blue assay of U937 cells treated with varying 
concentrations of F-fucoidan (○), the methanol-extract (△), or the 
methanol-insoluble fraction (▲). Data represent the average of 
triplicate measurements and the bars indicate standard deviations. 
Asterisks indicate significant differences between with and without 
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Fucoidans including commercially available F. ve-
siculosus fucoidan are known to induce secretion of NO 
and cytokines from RAW264.7 cells (Jiang et al. 2011). 
We investigated whether or not the methanol-extract is 
involved in such activities of F-fucoidan. As shown in 
Fig. 5, the extract showed no significant NO- and TNF-α-
inducing activities, whereas the methanol-insoluble re-
sidual fraction exhibited the activities with almost equal 
changes in U937 cells with much earlier time schedule 
than F-fucoidan, suggesting that underlying apoptosis-
inducing mechanisms of the extract and F-fucoidan 
might be different (Fig. 4F).
NO- and TNF-α-inducing activities of F-fucoidan, 
the methanol-extract, and the methanol-insolu-














































Fig. 4. Nuclear morphological changes in U937 cells treated with F-fucoidan, the methanol-extract, or the methanol-insoluble fraction. (A-
D) Nuclear morphological changes in U937 cells treated with medium alone (A) or with the methanol-insoluble fraction (B), F-fucoidan (C), or 
the methanol-extract (D) stained cells observed by a fluorescent microscope. (E) U937 cells were incubated with indicated concentrations of 
F-fucoidan (○), the methanol-extract (△), or the methanol-insoluble fraction (▲) for 24 h at 37°C. The populations of the cells with apoptotic 
nuclear morphological changes were scored as described in the text. (F) U937 cells were incubated with 1,000 μg mL-1 of F-fucoidan (○), the 
methanol-extract (△), or the methanol-insoluble fraction (▲) for the indicated periods of time at 37°C and the populations of the cells with 
apoptotic nuclear morphological changes were scored as described in the text. Data represent the average of triplicate measurements and the 
bars indicate standard deviations. Asterisks indicate significant differences between with and without test samples (p < 0.01). Scale bar represents: 
A-D, 20 μm.
Algae 2014, 29(3): 237-247
http://dx.doi.org/10.4490/algae.2014.29.3.237 244
whether or not sulfated polysaccharides especially F. ve-
siculosus fucoidan indeed have antibacterial activities 
or it is due to the contamination in sulfated polysaccha-
rides. To gain insight into this point, we investigated the 
antibacterial activities of ascophyllan and two fucoidans 
derived from A. nodusum (A-fucoidan) and F. vesiculosus 
(F-fucoidan). The results indicated that only the F-fucoi-
dan showed growth inhibitory effect on V. alginolyticus 
in a concentration-dependent manner with 500 μg mL-1 
of MIC, and the activity was significantly reduced by 
methanol-extraction. Furthermore, the methanol-extract 
showed even stronger antibacterial activity than original 
F-fucoidan, suggesting that the most part of antibacterial 
activity of F-fucoidan is derived from non-polysaccharide 
contaminants. Although the bioactivities of algal polysac-
charides differ depending on the compositions, the entire 
structures, and the physicochemical properties (Baba et 
al. 1990, Ellouali et al. 1993), at least ascophyllan and A-
fucoidan showed no significant growth-inhibitory effect 
on V. alginolyticus up to 1,000 μg mL-1. Based on our re-
sults, we propose that at least the process of methanol-
extraction should be conducted on commercially avail-
able F. vesiculosus fucoidan to avoid misleading of its 
biological activity.
Moreover, the methanol-extract prepared from F-
fucoidan exhibit much stronger cytotoxic effects on 
RAW264.7 and U937 cells than original F-fucoidan, while 
the cytotoxicities of F-fucoidan decreased after metha-
nol-extraction. Further study showed that the extract was 
capable of inducing apoptotic nuclear morphological 
changes in U937 cells. Time-course analysis on the ap-
pearances of apoptotic cells showed that the kinetics of 
the extract to induce apoptosis might differ from that of 
original F-fucoidan. In other words, F-fucoidan may be 
contaminated with apoptosis-inducing agents that have 
a distinct action mechanism from fucoidan itself. The cy-
totoxicity and apoptosis-inducing activity of F-fucoidan 
on U937 cells could not completely be eliminated by 
methanol-extraction.
Partial chemical characterization suggested that the 
agents responsible for the antibacterial activity in the 
methanol-extract were low molecular weight heat-sta-
ble compounds. Element analysis suggested the meth-
anol-extract contains phenolic compounds in addition 
to inorganic compounds such as NaCl. It has been re-
ported that phenolic compounds such as phlorotannins 
present in brown algae showed antibacterial activities 
against Gram-positive and Gram-negative bacteria with 
relatively broad antibacterial spectrum (Nagayama et al. 
2002). Similar to phlorotannins, the methanol-extract of 
to original F-fucoidan. These results clearly indicate that 
the extract does not contribute to macrophage-stimulat-
ing activity of the F-fucoidan, suggesting that the macro-
phage-stimulating activity of F-fucoidan is attributed to 
sulfated polysaccharide in F-fucoidan as a main compo-
nent. 
DISCUSSION 
It has been reported that the fucoidan extracted from 
S. polycystum showed antibacterial activity against V. 
harveyi, S. aureus, and E. coli at the MIC of 12.0, 12.0, and 
6.0 mg mL-1, respectively. However, these concentrations 
seem to be quite higher as compared to other study in 
which L. japonica polysaccharides showed antibacte-
rial activities against S. aureus and E. coli at the MIC of 
0.21 and 0.34 mg mL-1, respectively. Since antibacterial 
activities have also been found in organic extracts of F. 
vesiculosus (Lustigman and Brown 1991), it is uncertain 
Fig. 5. Nitric oxide (NO)- and tumor necrosis factor-α (TNF-α)-
inducing activities of F-fucoidan, the methanol-extract, and the 
methanol-insoluble fraction in RAW264.7 cells. Adherent RAW264.7 
cells were incubated with varying concentrations of F-fucoidan 
(○), the methanol-extract (△), or the methanol-insoluble fraction 
(▲). (A) The NO levels in the culture medium from the treated cells 
were estimated by Griess assay. (B) The levels of TNF-α in the culture 
supernatants of the treated cells were measured by enzyme-linked 
immunosorbent assay as described in the text. Data represent the 
average of triplicate measurements and the bars indicate standard 
deviations. Asterisks indicate significant differences between with 
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tiger shrimp. Aquaculture 233:23-30.
Clément, M. J., Tissot, B., Chevolot, L., Adjadj, E., Du, Y., Cur-
mi, P. A. & Daniel, R. 2010. NMR characterization and 
molecular modeling of fucoidan showing the impor-
tance of oligosaccharide branching in its anticomple-
mentary activity. Glycobiology 20:883-894.
Collins, L. & Franzblau, S. G. 1997. Microplate alamar blue 
assay versus BACTEC 460 system for high-throughput 
screening of compounds against Mycobacterium tuber-
culosis and Mycobacterium avium. Antimicrob. Agents 
Chemother. 41:1004-1009.
Costa, L. S., Fidelis, G. P., Cordeiro, S. L., Oliveira, R. M., Sa-
bry, D. A., Câmara, R. B., Nobre, L. T., Costa, M. S., Almei-
da-Lima, J., Farias, E. H., Leite, E. L. & Rocha, H. A. 2010. 
Biological activities of sulfated polysaccharides from 
tropical seaweeds. Biomed. Pharmacother. 64:21-28.
Croci, D. O., Cumashi, A., Ushakova, N. A., Preobrazhens-
kaya, M. E., Piccoli, A., Totani, L., Ustyuzhanina, N. E., 
Bilan, M. I., Usov, A. I., Grachev, A. A., Morozevich, G. E., 
Berman, A. E., Sanderson, C. J., Kelly, M., Di Gregorio, P., 
Rossi, C., Tinari, N., Iacobelli, S., Rabinovich, G. A., Ni-
fantiev, N. E. & Consorzio Interuniversitario Nazionale 
per la Bio-Oncologia (CINBO), Italy. 2011. Fucans, but 
not fucomannoglucuronans, determine the biological 
activities of sulfated polysaccharides from Laminaria 
saccharina brown seaweed. PLoS One 6:e17283.
Cumashi, A., Ushakova, N. A., Preobrazhenskaya, M. E., 
D’Incecco, A., Piccoli, A., Totani, L., Tinari, N., Morozev-
ich, G. E., Berman, A. E., Bilan, M. I., Usov, A. I., Ustyu-
zhanina, N. E., Grachev, A. A., Sanderson, C. J., Kelly, M., 
Rabinovich, G. A., Iacobelli, S., Nifantiev, N. E. & Con-
sorzio Interuniversitario Nazionale per la Bio-Oncologia 
(CINBO), Italy. 2007. A comparative study of the anti-in-
flammatory, anticoagulant, antiangiogenic, and antiad-
hesive activities of nine different fucoidans from brown 
seaweeds. Glycobiology 17:541-552.
Damonte, E. B., Matulewicz, M. C. & Cerezo, A. S. 2004. Sul-
fated seaweed polysaccharides as antiviral agents. Curr. 
Med. Chem. 11:2399-2419.
De Souza, M. C. R., Marques, C. T., Dore, C. M. G., Da Silva, F. 
R. F., Rocha, H. A. O. & Leite, E. L. 2007. Antioxidant ac-
tivities of sulfated polysaccharides from brown and red 
seaweeds. J. Appl. Phycol. 19:153-160.
Ellouali, M., Boisson-Vidal, C., Durand, P. & Jozefonvicz, J. 
1993. Antitumor activity of low molecular weight fucans 
extracted from brown seaweed Ascophyllum nodosum. 
F-fucoidan showed significant antibacterial activities on 
S. aureus and E. coli in addition to V. alginolyticus. Fur-
thermore, apoptosis-inducing activity of phlorotannins 
has been reported (Yoon et al. 2013). Hence, one possible 
candidate for the antibacterial and cytotoxic agents in 
the methanol-extract are phenolic compounds, although 
further studies are required to identify and characterize 
these agents responsible for these activities.
In addition, the methanol-insoluble residual fraction 
of F-fucoidan exhibited the activities to induce NO and 
TNF-α from RAW264.7 cells with almost similar concen-
tration-dependent profile to the original F-fucoidan, 
while the methanol-extract showed no significant activi-
ties over the concentration range (0-1,000 μg mL-1) tested, 
suggesting that the macrophage-stimulating activities of 
F-fucoidan are mainly attributed to sulfated polysaccha-
ride as a main component. 
In conclusion, the results obtained in this study sug-
gested that commercially available F. vesiculosus fucoidan 
is contaminated with methanol-extractable antibacterial 
and cytotoxic agents. Although the agents responsible for 
the toxicities in the methanol-extract could not be fully 
characterized yet, the methanol-extract showed a potent 
apoptosis-inducing activity on U937 cells, but had no 
activities to induce NO and TNF-α from RAW264.7 cells. 
Hence, it should be careful when it comes to the studies 
on the cytotoxic and apoptosis-inducing activities of fu-
coidan especially the usage of commercially available F. 
vesiculosus fucoidan without further purification.
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